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Description 

The present invention relates to a method of joining 
metals together by a diffusion process using silver/ger- 
manium alloy and to a silver/germanium alloy composi- 
tion which is particularly suitable for use in the method 
of the invention. More particularly, the present invention 
relates to such a method using a copperfcilver/germa- 
nium alloy which does not require the introduction of an 
additional filler material. 

Conventionally, metals are joined by three principle 
methods: welding, brazing and soldering. When welding 
using a filler, a filler material is chosen which has a com- 
position which is similar to the two parts being joined 
and the actual contact regions of the adjacent metal 
parts are melted to effect the join. When resistance 
welding or laser welding, e.g. spot welding, the adjacent 
metal parts to be joined are raised to a high temperature 
and melted, no filer metal being required to effect the 
join. When brazing or soldering, a filler metal is used 
which has an appreciably lower melting point than that 
of the two parts being joined such that the contact 
regions of the metal parts being joined are not melted. 
Typically, solders melt below about 450°C whereas 
brazing uses filler metals of greater strength which have 
a melting temperature of greater than 450°C. These 
methods all require either the use of a filler metal which 
forms a liquid phase upon heating to facilitate the joining 
of the parts or the melting of the adjacent metal parts to 
be joined. The filler metal or the melted parts of the met- 
als to be joined then cools and solidifies thereby creat- 
ing a bond at the molecular level. 

Silver and silver alloys have conventionally been 
joined using a brazing process. However, so-called lire 
staining" occurs at the high temperatures required to 
effect a bond using brazing techniques. 

Because of its high thermal and electrical conduc- 
tivity silver and silver based alloys are well known for 
their use in electrical and electronic contacts. Silver is 
also a precious metal and is used in the manufacture of 
jewellery and silverware. Accordingly, it becomes nec- 
essary to create bonds between both silver and silver 
alloys and other metals whether they are ferrous or non- 
ferrous. It is also desirable to bond ceramics or plastics 
to metals. This has largely been done in the past by tack 
welding, soldering or brazing the joints together which 
introduces impurities from the fluxing agent or solder 
into the silver/salver alloy. 

A fire stain or fire spot is caused by the oxidation of 
the copper at high temperatures. Additionally, it is well 
known that silver tarnishes easily. This is because the 
silver, which does not readily oxidise at ambient temper- 
atures, reacts with sulphur or hydrogen sulphide to 
cause the famfliar tarnishing effect It is known that the 
addition of a small quantity of germanium to a sil- 
ver/copper alloy slows down the rate at which the silver 
reacts with sulphur and hydrogen sulphide thus reduc- 
ing the tarnishing effect as well as reducing fire stain 



when the silver/copper/germanium alloy is heated to* 
high temperatures at which the copper would normally 
oxidise. 

It is possible to braze or flame anneal in air a sil- 

5 ver/copper/germanium ternary alloy, without causing 
the production of fire stain and to provide a finished 
product which is less susceptible to tarnishing. How- 
ever, a filer metal is required to perform the brazing to 
create a bond or joint and it is also necessary to raise 

10 the temperature of the silver alloy bang worked to a 
high temperature, thus producing large temperature 
gradients in a bond area. 

It is an object of the present invention to provide a 
method of joining metals without needing to provide an 

75 additional filler metal. !t is another object ef the present 
invention to provide a method of joining metals at tem- 
peratures below the soWus temperature of the constitu- 
ent materials of the parts being joined. It is a further 
object of the invention to provide a silver/germanium 

so alloy which is particularly suited to joining by the method 
of the invention or by non-filler welding techniques. 

Accordingly, in one aspect, the present invention 
provides a method of joining two elements using a sil- 
ver/germanium alley comprising a silver content of at 

25 least 77% by weight and a germanium content of 
between 0.4 and 7% by weight the remainder princi- 
pally being copper apart from any impurities, which 
method comprises the steps of: providing two elements 
to be joined together, at least one of the elements com- 

30 prising the silver/germanium alloy; placing the two ele- 
ments adjacent one another such that a portion of a free 
surface of the alloy contacts a portion of a free surface 
of the other element without interposing a filler material 
between the two free surfaces; and heating the two free 

3s surfaces where the two elements are adjacent one 
another to a temperature below that of the sottdus tem- 
perature of any one of the constituent materials of the 
elements thereby joining the two elements by a diffusion 
process. 

40 hi another aspect, the present invention provides a 
silver/germanium alloy having a silver content of at least 
77% by weight, a germanium content of between 0.4 
and 7% by weight, the remainder being copper apart 
from any impurities, which alloy contains boron as a 

45 grain refiner at a concentration of less than 20 parts per 
million, wherein the alloy does not contain one or a mix- 
ture of 0 02 to 7% of zinc and silicon. International Pat- 
ent Application No. W095/14112 comprises relevant 
prior art for this composition, falling within the terms of 

so Article 54 (3) EPC. 

In order that the present invention may be more 
readily understood, it will now be described with refer- 
ence to the accompanying figure, in which there is illus- 
trated a cross-sectional representation through two 

55 metal parts A,B joined using a method according to the 
present invention. 

Whilst it is known to be possible to braze a sil- 
ver/copper/germanium alloy with less risk of fire staining 
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the brazed areas, it has now been found that, surpris- 
ingly, it is in fact not necessary to braze such silver/cop- 
per/germanium alloy to produce a bond. Accordingly, in 
producing a joint using a method according to the 
present invention it is no longer necessary to melt the 5 
areas of the joint or a filler metal or, indeed, to provide a 
filler metal at all. 

To produce such a joint or bond in accordance with 
one aspect of the present invention, the following steps 
are carried out. 10 

The surfaces of the two pieces of material, one of 
which is a silver alloy containing copper and germa- 
nium, are prepared so that the surfaces to be joined 
(mating surfaces) do not have any large gaps between 
them such that the two mating surfaces are engaged is 
over the largest possible surface area. The two pieces 
of material A,B (see the figure) are then placed adjacent 
one another so that the desired physical arrangement of 
the joint is achieved. With the pieces of material in this 
position, heat energy is then applied to the joint J (see 20 
figure) to cause diffusion between the adjacent mating 
surfaces. Heat energy is applied for a predetermined 
amount of time such that the temperature of the two 
pieces of material being joined does not exceed the 
solidus temperature of any one of the constituents of the 25 
two pieces of material. Accordingly, there is no melting 
of the two pieces of material being joined or bonded and 
no filler metal is required. 

As can be seen from the accompanying figure, the 
grain structure of both materials A,B in the joint area is 30 
substantially unaffected and the join line J is only 
detectable with difficulty. Thus, such joins are aestheti- 
cally pleasing, which is beneficial in jewellery applica- 
tions. 

The ability to form a joint using a silver/copper/ger- 35 
manium alloy in accordance with the present invention 
is thought to be due to the diffusbnal motion of the 
atoms on the mating surfaces of the two pieces of mate- 
rial being joined and, in particular, the bulk diffusion of 
the germanium atoms into vacancies on the adjacent 40 
surface of the other piece of material. Such vacancies 
are common on the free surfaces of metals and it is 
therefore possible to join, for example, a metal part 
comprising a silver/copper/germanium alloy to either 
another silver/copper/germanium alloy or to a ferrous or 45 
non-ferrous metal without the introduction of an addi- 
tional filler metal. Additionally as such vacancies may 
also be present in free surfaces of ceramics or other 
non-metallic materials such as plastics, it is also possi- 
ble to join the silver/copper/germanium alloy to non- 50 
metallic materials. 

All types of joint may be produced using the above 
described method such as butt or lap type joints. 

In one embodiment of the invention the silver/cop- 
per/germanium alloy is applied as either a powder, plat- 55 
ing or a thin coating to one of the elements to be joined. 
In this case the silver/copper/germanium alloy, in what- 
ever form, bonds as a separate element to each of the 



two elements to be joined. 

In accordance with the invention a silver/cop- 
per/germanium alloy powder may be bonded to another 
element as a means of providing a Silver/copper/ger- 
manium coating or plating. 

It is also possible using the above described 
method to produce a multi-layer composite material 
formed by bonding the silver/copper/ger manium alloy to 
layers of other material, such as other metals, ceramics 
or plastics as required. 

The above described method can be carried out at 
temperatures as low as 500°C thereby obviating the 
need for expensive autoclave units or ovens. Joints 
have been achieved by maintaining the materials to be 
joined at this temperature for a period of minutes. 

In one embodiment of the present invention the sil- 
ver/germanium alloy comprises a silver content of at 
least 77% by weight and the germanium content com- 
prises between 0.4 and 7% by weight, the remainder 
principally being copper apart from any impurities. 

In a preferred embodiment of the present invention 
the silver/germanium alloy comprises a silver content of 
at least 92.5% by weight and the germanium content 
comprises between 0.5 and 3% by weight, the remain- 
der principally being copper apart from any impurities. 

A silver/germanium alloy which is particularly suita- 
ble for use in the method of the present invention, but 
which also lends itself to joining by resistance welding 
and laser welding techniques, comprises a silver con- 
tent of at least 92.9% and a germanium content of 
between 0.4 and 7%, the remainder principally being 
copper apart from any impurities, which alloy contains 
boron as a grain refine' at a concentration of less than 
20 parts per million. Thus, it has been found that, 
remarkably, such low concentrations of boron provide 
excellent grain refining in a silver/germanium alloy. 
Indeed, a concentration of less than 10 parts per million 
and as low as 2 or even 0.9 parts per million is effective 
for this purpose, imparting greater strength and ductility 
to the alloy compared with a silver/germanium alloy 
without a borun content and permitting strong and aes- 
thetically pleasing joints to be obtained using a method 
embodying the invention or resistance and laser weld- 
ing techniques. 

The silver/germanium alloy of the present invention 
is resistant to fire stain and no surface pitting of samples 
was observed after repeated heating (three times) to 
temperatures of which the copper/germanium eulectic 
in known silver/copper/germanium alloys would nor- 
mally melt and cause pitting. 

The boron in a silver/germanium alloy embodying 
the invention appears to inhibit grain growth even at 
temperatures used for soldering in the jewellery trade. 

Other preferred embodiments of the silver/germa- 
nium alloy according to the present invention comprise 
a silver content of at least 80% or at least 83%. 
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1 . A method of joining two elements using a silver/ger- 
manium alloy comprising a silver content of at least 
77% by weight and a germanium content of s 
between 0.4 and 7% by weight, the remainder prin- 
cipally being copper apart from any impurities, 
which method comprises the steps of: providing two 
elements to be joined together, at least one of the 
elements comprising the silver/germanium alloy; 10 
placing the two elements adjacent one another 
such that a portion of a free surface of the alloy con- 
tacts a portion of a free surface of the other element 
without interposing a filer material between the two 
free surfaces; and heating the two free surfaces ts 
where the two elements are adjacent one another 

to a temperature below that of the solidus tempera- 
ture of any one of the constituent materials of the 
elements thereby joining the two elements by a dif- 
fusion process. 20 

2. A method according to Claim 1 , wherein the germa- 
nium content comprises between 0.5 and 3% by 
weight 

25 

3. A method according to Claim 1 or 2, wherein both 
elements to be joined comprise the silver/germa- 
nium alloy. 

4. A method according to any preceding claim, so 
wherein the two adjacent free surfaces of the ele- 
ments are heated to as low as a temperature of 

500°C. 

5. A method according to any preceding claim, 35 
wherein the element comprising the silver/germa- 
nium alloy is a powder, plating or a thin coating. 

6. A method according to any preceding claim when 
used in the manufacture of items of jewellery, silver- 40 
ware or electrical or electronic contacts, or aero- 
space materials. 

7. A method according to any preceding claim, 
wherein a plurality of superirrposed elements are 45 
joined together to create a multi-layered product. 

8. A silver/germanium alloy having a silver content of 
at least 77% by weight, a germanium content of 
between 0.4 and 7% by weight, the remainder so 
being copper apart from any impurities, which alloy 
contains boron as a grain refiner at a concentration 

of less than 20 parts per million, wherein the alloy 
does not contain one or a mixture of 0.02 to 7% of 
zinc and siicon. 55 

9. An alloy according to Claim 6, wherein the germa- 
nium content comprises between 0.5 and 3% by 



10. An alloy according to Claim 8 or 9, wherein the 
boron content is less than 10 parts per million. 

11. An alloy according to Claim 10, wherein the boron 
content is 0.9 parts per million. 

PatentansprQche 

1. Ein Verfahren zum Verbinden zweier Eiemente 
unter Verwendung einer Silber/Germanium-Legie- 
rung, die einen Sit>ergehalt von wenigstens 77 
Gewichtsprozent und einen Germaniumgehalt zwi- 
schen 0 ; 4 und 7 Gewichtsprozent enthaJt, wobei 
der Rest im wesentlichen - abgesehen von mSgli- 
chen Verunreinigungen - Kupfer ist, wobei das Ver- 
lahren die folgenden Schritte aufweist: Bilden 
zweier miteinander verbindenden Eiemente, wobei 
wenigstens ernes dieser Element die Silber/Germa- 
nium-Legierung aufweist; Anordnen von zwei Ele- 
menten benachbart zueinander derart, daB ein 
AbschnHt der freien Flache der Legierung einen 
Abschnitt der freien Flache des anderen Elements 
ohne Einbringen eines Fullmateriate z wis Chen die 
beiden freien Fldchen beruhrt; und Erwarmen der 
beiden freien Fldchen dort wo die beiden Eiemente 
einander benachbart sand auf einer Temperatur 
unterhafo derjenigen der Verfestigungstemperatur 
der Ausgangsmaterialien der Eiemente, wodurch 
die beiden Eiemente durch einen Drffusbnsvor- 
gang miteinander verbunden werden. 

2. Ein Verfahren nach Anspruch 1 , wobei der Germa- 
niumgehalt weniger als 0.5 bis 3 Gewichtsprozent 
betragt. 

3. Ein verfahren nach Anspruch 1 Oder 2, wobei die 
beiden miteinander zu verbindenden Eiemente die 
Silber/GermaniunvLegierung autwetsen. 

4. Ein Verfahren nach einem der vorangehenden 
AnsprOche, wobei die beiden einander benachbar- 
ten Flachen der Eiemente auf eine Temperatur von 
nur 500°E erwarmt werden. 

5. Ein Verfahren nach einem der vorangehenden 
AnsprOche, wobei das Element, das die Silber/Ger- 
marttum- Legierung aufweist, ein Puder, eine Plat- 
tterung oder eine dunne Beschichtung ist. 

6. Ein Verfahren nach einem der vorangehenden 
AnsprOche bei einer Verwendung bei der Herstel- 
lung von Juwelierprodukten, Silberwaren oder elek- 
trischen oder elektronischen Kontakten oder 
Materialien fur die Raumfahrt. 

7. Ein Verfahren nach einem der vorangehenden 



Anspruche, wobei eine Mehrzahl von einander 
uberlagerten Elementen miteinander verbunden 
werden, urn ein mehrschichtiges Produkt herzustek 
len. 

5 

8. Eine Silber/Germanium-Legierung mit einem Sil- 
bergehalt von wenigstens 77 Gewichtsprozent, 
einem Germaniumgehalt zwischen 0,4 und 7 
Gewichtsprozent Rest Kupfer abgesehen von 
moglichen Verunreinigungen, wobei die Legierung 10 
Bor als ein Kornungsverfeinerer in einer Konzentra- 
tion von weniger afs 20 Teilen pro Million aufwetst. 
wobei die Legierung weder Zink oder Stiizium Oder 
eine Mischung von Zink Oder Siiizium von 0,02 bis 
7 % aufweist. 15 



4. Un proced6 cortforme a Tune quelconque revendi- 
cation precedente. dans lequel les deux surfaces 
fibres adjacentes des elements sont chauffees a 
une temperature aussi faible que 500 °C. 

5. Un precede cortforme & Tune quelconque revendi- 
cation precedente. dans lequel I'element compor- 
tant TalKage en argent/germanium est une poudre, 
un placage ou un revetemertt mince. 

6. Un procede cortforme a Tune quelconque revendi- 
cation precedente, utilise dans la fabrication 
d objets de joaiilerie, d'argenterie, ou de contacts 
eiectriques ou electron iques, ou de materiaux des- 
tines a I'industrie a^rospatiale. 



9. Eine Legierung nach Anspruch 8, wobei der Ger- 
man iumgehalt zwischen 0.5 und 3 Gewichtspro- 
zent betr&gt. 

20 

1 0. Eine Legierung nach Anspruch 8 Oder 9, wobei der 
Borgehalt geringer als 10 Teile pro Million ist. 

11. Eine Legierung nach Anspruch 10, wobei der Bor- 
gehalt 0,9 Teile pro Million betragt 25 

Revendications 



7. Un procede cortforme & Tune quelconque revendi- 
cation precedente, darts lequel une plurality d' de- 
ments superposes sont soud&s ensemble pour 
creer un produit multi- couch e. 

8. Un alliage en argent/germanium oomportant une 
teneur en argent d'au moirts 77 % en poids, une 
teneur en germanium comprise entre 0,4 % et 7 % 
en poids. le reste 6tant const rtu6 par du cuivre inde- 
pendamment de toutes impuretes quelconques. 
lequel alliage contient du bore comme affineur de 
grains & une concentration inferieure a 20 parties 
par million, dans lequel I'alliage ne contient pas de 
zinc et de silicium ou un melange de 0,02 % d 7 % 
de zinc et de silicium. 

9. Un alliage conforms a la Revendication 8, dans 
lequel la teneur en germanium est comprise entre 
0,5 % et 3 % en poids. 

10. Un alliage cortforme a la Revendication 8 ou 9, 
dans lequel la teneur en bore est inferieure a 10 
parties par million. 

11. Un alliage cortforme a la Revendication 10, dans 
lequel la teneur en bore est de 0,9 par million. 



1 . Un procede de soudure de deux elements utilisant 

un alliage argent/germanium oomportant une 30 
teneur en argent d'au moirts 77 % en poids et une 
teneur en germanium comprise entre 0,4 % et 7 % 
en poids, le reste etant principalement du cuivre 
ind6pendamment de toutes impuretes quelcon- 
ques, lequel procede comprend les Stapes de : 35 
foumir deux Elements devant etre soudes ensem- 
ble, au moins Tun des elements comprenant un 
alliage d'argent/germanium ; placer les deux ele- 
ments adjacents l'un a lautre, de telle sorte qu'une 
portion d'une surface libre de Palliage entre en con- 40 
tact avec une portion d une surface libre de l autre 
£l§ment sans interposition d'une matfere de rem- 
plissage entre les deux surfaces liores ; et chauffer 
les deux surfaces libres ou les deux elements sont 
adjacents Tun a I'autre k une temperature inferieure 45 
& la temperature de solid rf ication de Tune quelcon- 
que des matieres constituantes des elements, af in 
de souder ainsi les deux §l6mertts par un procede 
de diffusion. 

50 

2. Un proc6d6 conforme a la Revendication 1 , dans 
lequel la teneur en germanium est comprise entre 
0,5 % et 3 % en poids. 



3. Un proc6d£ conforme k la Revendication 1 ou 2, 55 
dans lequel Tun et I'autre des ^ments devant etre 
soudes component un alliage argent/germanium. 
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